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CP Violation Effects on the Measurement of the CKM Angle γ from B → DK
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Inspired by the unexpectedly large difference between the CP violation of D decays into K+K−
and pi+pi−, we explore the impact on the extraction of γ via the B → DK process with the D
meson reconstructed in the K+K−, pi+pi− final state. We show that the extracted results for γ
can be shifted by O(ACP /r
K
B ), where ACP is the direct CP asymmetry in D decays and r
K
B is the
ratio of the decay amplitudes of B− → D¯0K− and B− → D0K−. Using the recent data on CP
asymmetry, we demonstrate the correction to physical observables in B → DK can reach 6%, which
corresponds to the shift of γ by roughly 5◦. The remanent corrections depend on the strong phase
of the D decays, but are less than 0.5◦. With the increasing precision in the γ determination on the
LHCb experiment and Super B factories, the inclusion of CP violation of D decays will therefore
soon become important.
PACS numbers: 13.25.Hw,12.15.Hh
Introduction.—The fundamental role in the standard
model (SM) description of CP violation is played by
the unitary Cabibbo-Kobayashi-Maskawa (CKM) mixing
matrix. The constraints on this matrix can be repre-
sented as triangles, the lengths of whose sides are the
moduli of CKM matrix element products, while the an-
gles represent relative phases. Among the three angles
(α, β, γ) of the (bd) unitarity triangle, satisfying the con-
straint α + β + γ = 180◦, γ is least well known, with a
precision of roughly 10◦. This is one of the main sources
of current uncertainties on the apex of the unitary trian-
gle [1].
In contrast with the α, β angles whose determination
is often challenged by the loop penguin pollutions on the-
oretical side, one of the most intriguing properties of the
angle γ is that it can be measured in a way independent
of hadronic uncertainty [2–4]. That makes use of the tree-
dominated processes B → DK. With a large amount of
data accumulated in the future, the LHCb will be able
to diminish the errors in γ to about 4◦ from the tree-
dominated processes B → DK [5], while on the SuperB
factories the error is further reduced to 2◦ [6, 7]. Hope-
fully with these results, one may be able to authenticate
the unitarity of CKM matrix, and thus the relevance of
New Physics for the phenomena of flavor physics or not.
Recently one of the most exciting measurements by
LHCb collaboration [8], confirmed by CDF [9] and
Belle [10] collaborations, is the CP violation (CPV) in
charm sector. These three collaborations have found
nonzero difference of CP asymmetries (CPAs) which are
much larger than the SM expectation. The averaged re-
sults are [1]
∆aCP = aCP (K
+K−)− aCP (pi−pi+)
= (−0.74± 0.15)%. (1)
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Here aCP (f) is the time integrated CP asymmetry for D
decaying into a CP eigenstate:
aCP (f) =
Γ(D0 → f)− Γ(D¯0 → f)
Γ(D0 → f) + Γ(D¯0 → f) . (2)
The dominant contribution to ∆aCP in Eq. (1) is from
the direct CP violation of D0 decays [1]:
∆AdirCP = (−0.678± 0.147)%, (3)
which is about 4.6σ away from 0.
On the one hand it is desirable to look for more pre-
cise measurement to establish the large CPA and identify
possible future experimental tests able to distinguish the
standard model vs new physics interpretations. On the
other hand, it is of great importance to investigate the
impact of aCP on the known phenomena. In this work,
we are interested in the effects of the nonzero CPA on the
determination of the γ angle, in particular in the method
to use the B → DK with D decays into CP eigenstate
K+K− or pi+pi−, the so-called the GLW method [2]. We
will demonstrate that the CPA effects can shift the γ by
a few degrees. These corrections are larger than or com-
parable with the future experimental precision and thus
must be included in the future measurement.
γ measurement via B → DCPK.—Let us start with a
review of the approach with the negligence of the CP vio-
lation effects. The GLWmethod uses the fact that the six
decay amplitudes of B± → (D0, D¯0, D0CP )K± form two
triangles in the complex plane, graphically representing
the identities
√
2A(B+ → D0±K+) = A(B+ → D0K+)
±A(B+ → D¯0K+),√
2A(B− → D0±K−) = A(B− → D0K−)
±A(B− → D¯0K−), (4)
where the convention CP |D0〉 = |D¯0〉 has been adopted
and D0+(D
0
−) is the CP even (odd) eigenstate. The
2K+K− and pi+pi− final states will mainly project out
the D0+, which will be considered in the following. Mea-
surements of the six decay rates will completely deter-
mine the sides and apexes of the two triangles, in par-
ticular the relative phase between A(B− → D¯0K−) and
A(B+ → D0K+) is 2γ. Since the identities in Eq. (4)
holds irrespective of the strong phase in the decay, this
method is free of hadronic uncertainties and is believed
to be theoretically clean.
Different with the loop-induced processes, tree-
dominated processes are unlikely affected by the new
physics degrees of freedoms and thus the measurement
of γ provides a benchmark of extraction of the CKM pa-
rameters.
The shape of the two triangles is governed by two quan-
tities
rKB ≡
∣∣A(B− → D¯0K−)/A(B− → D0K−)∣∣ ,
δKB ≡ arg
[
eiγA(B− → D¯0K−)/A(B− → D0K−)] ,
with the world averages for these parameters [11]
rKB = 0.107± 0.010, δKB = (112+12−13)◦. (5)
The smallness of rKB implies the mild sensitivity to γ
and introduces experimental difficulty. Thus additional
methods using processes in which the D0 and D¯0 meson
can be accessed in the same final states are proposed [3,
4].
CPA effects.—We now study the effects of CP violation
but neglect the small D mixing effects [12]. In particular,
we ask how large is the error introduced in the extracted
value when the analysis is done assuming no CPV.
The D meson decay amplitudes can be generically de-
composed as
A(D0 → f) = T fD(1 + rfDe−iγ+iδ
f
D ),
A(D¯0 → f) = T fD(1 + rfDeiγ+iδ
f
D ), (6)
where rfD is the ratio of the penguin and tree amplitudes
in D → f decays, with f = K+K−, pi+pi−. γ and δfD
is the weak phase difference and strong phase difference
respectively. The direct CP asymmetry is predicted as
AdirCP (D
0 → f) = 2r
f
D sin γ sin δ
f
D
1 + (rfD)
2 + 2rfD cos γ cos δ
f
D
. (7)
The data on ACP in Eq. (3) indicates |rfD| ∼ O(10−3).
Including the CP violating amplitudes of the D decays,
we arrive at
√
2A(B− → D0+(→ f)K−) = A(B− → D0K−)T fD
[
(1 + rfDe
−iγ+iδ
f
D) + rKB e
−iγ+iδKB (1 + rfDe
iγ+iδ
f
D )
]
,
√
2A(B+ → D0+(→ f)K+) = A(B+ → D0K+)T fD
[
rKB e
iγ+iδKB (1 + rfDe
−iγ+iδ
f
D ) + (1 + rfDe
iγ+iδ
f
D )
]
, (8)
which apparently will spoil the identities in Eq. (4) since
it is not possible to simultaneously eliminate the nontriv-
ial dependence on rfD and δ
f
D in the two amplitudes.
The physical observables to be experimentally mea-
sured and used to extract the CKM angle γ are given
as
RK+ = 2
B(B− → D0+K−) + B(B+ → D0+K+)
B(B− → D0K−) + B(B+ → D¯0K+)
= 1 + (rKB )
2
+
2rKB cos δB[(1 + (r
f
D)
2) cos γ + 2rfD cos δ
f
D]
1 + (rfD)
2 + 2rfD cos γ cos δ
f
D
,
≡ 1 + (rKB )2 + 2rKB cos δKB cos γeff , (9)
AK+ =
B(B− → D0+K−)− B(B+ → D0+K+)
B(B− → D0+K−) + B(B+ → D0+K+)
=
1
RK+
[
(1− (rKB )2)AdirCP (D0 → f)
+
2rKB (1 + (r
f
D)
2) sin δKB sin γ
1 + (rfD)
2 + 2rfD cos δ
f
D cos γ
]
≡ 2rKB sin δKB sin γeff/RK+ , (10)
where the last lines in the above equations correspond to
the expressions with no CPV effects. In the above ex-
pressions, we have substituted the CP averaged branch-
ing ratio of D → f in the processes involving D0+. These
two equations explicitly show the CPA effects on the ex-
perimental observables and are one of the main findings
of this work.
Results.—An interesting observation is that the AK+ in
Eq. (10) receives new contributions proportional to the
direct CPA in D decays. Neglecting terms suppressed by
O(rfD), the dominant correction to sin γ is proportional to
AdirCP (D
0 → f)/(2rKB sin δB). One consequence is that the
3value for γ obtained from K+K− final state and the one
from pi+pi− final states will differ roughly by 5◦. These
effects can still be incorporated without any hadronic
uncertainty once the data on the direct CPA is available.
For illustration, we consider three general pattens for
the CPV: (i) AK
+K−
D = −Api
+pi−
D = ∆ACP /2; (ii)
AK
+K−
D = ∆ACP and A
pi+pi−
D = 0; (iii) A
K+K−
D = 0
and Api
+pi−
D = −∆ACP . In the first patten, consider-
ing the dominant corrections in the expressions for AK+
in Eq. (10) to extract the γ, we find that the difference
∆γ = γeff −γ is roughly −2.5◦ in the K+K− final state,
while it is 2.5◦ in the pi+pi− final state. In the second pat-
ten of CPV, the modification in K+K− is roughly −5◦
while the extracted value for γ from the pi+pi− channel
is almost unchanged. The last patten is analogous to
the second one except that the shift in pi+pi− is 5◦ while
the change in K+K− mode is negligible. The errors from
the current LHCb measurements on AK+ from the K
+K−
and pi+pi− final states are too large to give any conclusive
result [13]
AK+ (K
+K−) = 0.148± 0.037± 0.010,
AK+ (pi
+pi−) = 0.135± 0.066± 0.010. (11)
Apart from the corrections proportional to the direct
CPA, there are still more suppressed terms depending on
the strong phase δfD as shown in Eq. (9) and Eq. (10).
The suppressed CP violation effect in the RK+ is shown
in Fig. 1. The solid (black), dashed(blue), and dot-
ted (red) lines correspond to rfD=0.002, 0.004 and 0.006
respectively. The shadowed region is the data on the
CPA for D0 → K+K− in the first patten for CPV:
AK
+K−
CP = (−0.34 ± 0.07)%. From the figure we can see
the difference between the results for γ with and without
the CPV effects is up to 0.5◦, comparable with the exper-
imental accuracy (0.8◦) in γ after the LHCb upgrade [5].
Discussions.—The dominant corrections proportional
to the AdirCP can be incorporated without any hadronic
uncertainty, once the data on the direct CPA is avail-
able. However using only B → DK → (K+K−, pi+pi−),
it is unlikely to eliminate the dependence on the strong
phase for the rest terms in Eq. (9) and Eq. (10). It might
be possible when results from the charm factory are avail-
able and more relevant channels like B → DK∗ are used.
Including the new Belle measurement, the combined
result for ∆ACP is about 4.6σ away from 0 as shown
in Eq. (3). Still to date the nonzero ∆ACP is not well-
established. With the LHCb result based on a small frac-
tion of data recorded so far, significant improvements are
expected in the near future. Moreover to explicitly ex-
plore the CPV effects on the extraction of γ, one also
has to wait for our experimental colleagues to measure
the CPV for D0 → K+K− and D0 → pi+pi− individ-
ually. The present results for the individual CP asym-
metries from CDF [15] and Belle [10] collaborations are
consistent with zero and are not conclusive.
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FIG. 1: Effect of CP violation on the extraction of γ via
the RK+ . The sold (black), dashed(blue), and dotted (red)
lines correspond to rfD=0.002, 0.004 and 0.006 respectively.
The shadowed region is the CPA for D0 → K+K− from the
experimental data: AK
+K−
CP = (−0.34 ± 0.07)%, where we
have assumed the U-spin symmetry for the CP asymmetry
AK
+K−
CP = −A
pi+pi−
CP = ∆ACP /2.
On the experimental side, one may instead use the av-
eraged results from the K+K− and pi+pi− final states.
Such procedure will indeed smear most of the CPV ef-
fects in the first patten for CP violations, but not in the
other two patterns.
The analysis is similar in channels like B → DK∗ in
which the D meson is reconstructed in K+K−, pi+pi− fi-
nal states. In the processes of B → DK∗0,2 [14], which are
likely to have a larger ratio r
K∗0
B due to comparable size
of the color-allowed and color-suppressed amplitudes, the
CP violating corrections, proportional to AdirCP /r
K∗0
B , will
be somewhat smaller.
At last, it is worthwhile to stress that the CP asym-
metry may not affect the ADS method and the Dalitz
plot method. In the former, the doubly-Cabibbo sup-
pressed (DCS) D decays is used to increase the sensi-
tivity while in the Dalitz plot method, the three-body
D → KSpi+pi− and D → KSK+K− decays are used to
reconstruct the D+. The involved Cabibbo allowed and
DCS decay modes are typically having very small CPAs
and thus the extraction of γ is almost unaffected when
neglecting the CPA. Moreover one of the greatest advan-
tages of the Dalitz plot method is that the CPA effects
and the small DCS contributions can be explicitly incor-
porated when enough data is accumulated.
Conclusions.—After roughly 40 years since the pro-
posal, the CKMmechanism continues to provide a consis-
tent description of almost all available data on the flavor
observables and CP violation with an impressive accu-
racy. This great success implies that the New Physics
effects should be small, and renders the precision predic-
tions for the involved quantities particularly important.
Thus the precise determination of the CKM angles is
of great importance, for which one of the most desirable
4objectives in the ongoing and forthcoming experiments is
to reduce the errors in the involved entries of the unitary
triangle.
What has been explored in this work is to study the
CPV effects in the GLW method for the extraction of
CKM angle γ and showed that the CPV corrections are of
the order ACP /r
K
B . If CP violation inD decays is ignored
in the extraction of γ, we have found the corrections can
reach 6% and the resulting shift of γ is about 5◦, larger
than or comparable with the precision to be achieved
on the future LHCb (4◦) and SuperB (2◦) experiments.
With the increasing precision in the γ determination by
these experiments the inclusion of CPV of D decays will
therefore soon become mandatory.
Acknowledgement.—The author is grateful to Chuan-
Hung Chen, Malcolm John and Yue-Hong Xie for use-
ful discussions. He also thanks Institute of High Energy
Physics and Tianjin University for their hospitalities dur-
ing his visit when part of this work was done. This work
is supported in part by the DFG and the NSFC through
funds provided to the Sino-German CRC 110 “Symme-
tries and the Emergence of Structure in QCD”.
[1] D. Asner et al. [HFAG ], arXiv:1010.1589 [hep-ex],
averaged results for the γ angle are available at:
http://www.slac.stanford.edu/xorg/hfag/triangle/
latest/#gamma_DCPK. The combined results for ∆ACP
can be found at: http://www.slac.stanford.edu/
xorg/hfag/charm/ICHEP12/DCPV/direct_indirect_
cpv.html.
[2] M. Gronau, D. Wyler, Phys. Lett. B265, 172-176 (1991);
M. Gronau, D. London, Phys. Lett. B253, 483 (1991);
I. Dunietz, Phys. Lett. B270, 75-80 (1991).
[3] D. Atwood, I. Dunietz, A. Soni, Phys. Rev. Lett. 78,
3257 (1997); Phys. Rev. D63, 036005 (2001).
[4] A. Giri, Y. Grossman, A. Soffer, J. Zupan, Phys. Rev.
D68, 054018 (2003).
[5] I. Bediaga et al. [LHCb Collaboration], arXiv:1208.3355
[hep-ex].
[6] M. Bona et al. [SuperB Collaboration], arXiv:0709.0451
[hep-ex], http://www.pi.infn.it/SuperB/?q=CDR.
[7] T. Aushev, et al., Super KEKEB, arXiv:1002.5012 [hep-
ex].
[8] R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett.
108, 111602 (2012).
[9] T. Aaltonen et al. [CDF Collaboration], Phys. Rev. Lett.
109, 111801 (2012) [arXiv:1207.2158 [hep-ex]].
[10] B. R. Ko [Belle Collaboration], arXiv:1212.1975 [hep-ex].
[11] J. Charles et al. [ CKMfitter Group], Eur. Phys. J. C41,
1 (2005) , updated results and plots available at: http://
ckmfitter.in2p3.fr.
[12] C. C. Meca and J. P. Silva, Phys. Rev. Lett. 81, 1377
(1998); J. P. Silva and A. Soffer, Phys. Rev. D 61, 112001
(2000); Y. Grossman, A. Soffer and J. Zupan, Phys. Rev.
D 72, 031501 (2005).
[13] LHCb Collaboration, LHCb-CONF-2012-032, https://
cdsweb.cern.ch/record/1481337.
[14] W. Wang, Phys. Rev. D 85, 051301 (2012);
arXiv:1209.1244; See also M. Diehl and G. Hiller,
JHEP 0106, 067 (2001); Phys. Lett. B 517, 125 (2001);
Z. -T. Zou, X. Yu and C. -D. Lu, Phys. Rev. D 86,
094001 (2012); arXiv:1209.3369.
[15] T. Aaltonen et al. [CDF Collaboration], Phys. Rev. D
85, 012009 (2012).
